Introduction {#S1}
============

Tuberculosis (TB) is one of the most frequent causes of death worldwide and is the leading infectious killer globally, surpassing HIV and malaria. It caused 1.7 million deaths in 2016 (including 400 000 people with HIV). More than 95% of TB deaths occur in low-and-middle-income countries. Seven countries account for 64% of the overall number, with India leading the count, followed by Indonesia, China, Philippines, Pakistan, Nigeria, and South Africa. The WHO also estimates that 1 million children have developed TB among who 170.000 have died (excluding those with HIV) \[[@ref1]\]. In Morocco, 30.636 cases of TB, of all forms (28,955 new cases and 1,681 cases of relapses) were diagnosed in 2015, with an incidence rate of 89 cases per 100.000 inhabitants. Between 2000 and 2015, the overall rate decreased by 17%, while the smear-positive pulmonary form decreased by 20%. 44% of TB cases confirmed bacteriologically, compared to 56% of these, which were diagnosed in line with clinical criteria \[[@ref2]\].

Laboratory diagnosis of TB relies mainly on acid-fast bacilli (AFB) smear for developing countries. This technique is quick and easy to set up, and it has a low and variable sensitivity (50-80%) as well as a suboptimal specificity \[[@ref3], [@ref4]\]. However, the result of culture followed by phenotypic and biochemical identification remains the gold standard. The disadvantage of this method is usually the time of growth, which can range from 6 to 8 weeks. As a result, recent innovations have been focusing on the development of new molecular biology tools that have the dual advantages of speeding up the diagnosis of TB as well as the detection of anti-TB drug resistance. PCR has been shown to be effective for the diagnosis of TB, mainly because of its short response time and significant sensitivity \[[@ref5]\]. PCR has evolved considerably with the introduction of fluorescent probes to become a Real-time PCR. This technique has become increasingly attractive to laboratories wishing to have the diagnosis of active TB in their panel due to its sensitivity gain and dual-specificity for the detection of the causative agent \[[@ref6]\]. In fact, for TB diagnosis, multiple commercial and in-house nucleic acid amplification techniques have been developed \[[@ref7]\]. For instance, the Xpert RIF/TB, (GeneXpert, Cepheid, Canada) has revolutionized the detection of pulmonary TB \[[@ref8]\]. Approved by the WHO, this system is fast and easy to use, but it remains expensive and cannot be ideal in low-income diagnostic structures. However, both the lack of sensitivity in extra-pulmonary specimens and smear negative leave many questions unanswered still \[[@ref9]\]. Our study was conducted at Ibn Rochd University Hospital Centre in Casablanca, Morocco, with the objective of applying an in-house real-time PCR to detect MTBC in pulmonary and extra-pulmonary samples.

Methods {#S2}
=======

**Sampling and study design:** samples had been collected from mycobacteria laboratory at Ibn Rochd University Hospital in Casablanca-Morocco, for 6 months between July and December 2018. Inclusion criteria for this study consist of collecting all pulmonary and extra-pulmonary specimens from children (0-15 years) and adults patients for diagnosis of TB, patients coming from high-risk units of TB (Pneumology, Phthisiology, Infectious diseases, etc.) with a strong suspicion of TB (Unexplained weight loss, loss of appetite, night sweats, fever) \[[@ref10]\], it should be noted that HIV status was unknown. Also, duplicates and non-compliant samples were excluded from the study. All the collected samples were subjected to microscopic examination, culture on LJ solid media and real-time PCR for the detection of MTBC.

**AFB smear:** the presence and quantitation of resistant acid fast bacilli in samples were performed by the heat carbol fuchsin method.

**Sample processing:** samples were digested and decontaminated using the trisodium phosphate technique \[[@ref11]\], a procedure used routinely in our laboratory with some modifications \[[@ref12]\]. This technique was compared to the modified Petroff's method to evaluate the impact of decontamination in real-time PCR performance. All samples were cultured in two LJ tubes in parallel. Positive cultures were subjected to biochemical identification using niacin, nitrate, and the heat-resistant catalase test (HRCT).

**DNA extraction:** the boiling method was used to inactivate 300µl of the digested samples \[[@ref13]\]. Extraction was carried out by QIAmp DNA Minikit (Qiagen, Hilden, Germany) according to the manufacturer\'s recommendations, and 150µL of DNA was stored in a sterile tube at -20°C until the use by Real-time PCR.

**Real-time PCR:** a duplex real-time PCR was adopted to target a 123bp fragment highly conserved and repeated region of the IS6110 in MTBC, and a 105bp fragment belonging to a human ERV3 gene used to control the inhibition of the PCR reaction. Amplification was performed with the primer pairs and the probes previously published \[[@ref14]\] with some modifications. The final volume of the reaction mixture was 25µL, which contained 1X of TaqMan Universal PCR Master Mix and 5µL of DNA. All Real-time PCR were performed in the CFX 96® real-time thermal cycler (Biorad® Life Science Group, California USA). The PCR amplification protocol was changed as follows: Initial denaturation at 95°C for 10 min followed by 50 cycles of amplification of 95°C for 10 seconds and one minute at 60°C. The validation of PCR results for MTB by IS6110 was considered positive if the Ct value was \< 42 and the ERV3 PCR was considered positive if the Ct was \< 46.

**Statistical analysis:** sensitivity, specificity, positive, and negative predictive value with 95% confidence intervals were calculated considering culture on solid media as the gold standard method. The proportion of positive results for each test was compared using McNemar's test. Differences between groups were compared using Chi-square test for proportions and Mann-Whitney U test for continuous variables, with p-values \< 0.05 considered statistically significant. Agreement between culture and real time PCR was presented by kappa coefficient. Statistical analyses were performed using GraphPad Prism (version 6.0; GraphPad Software, USA, and the VassarStats online statistical package.

**Ethics statement:** all specimens were collected and received for routine diagnostic purposes and were no longer needed. No private patient information was shared with anyone external to this study. Since patient consent was not required, we did not need Institutional Review Board approval.

Results {#S3}
=======

Over the study period, the laboratory received 629 samples, of which 171 met our inclusion criteria. Among these 171 samples, 75% were pulmonary origin, AFB smears were positive in 32 cases (18.7%), culture on LJ showed 53 samples as positive (31%) and IS6110 real-time PCR detected 55 MTBC (32%) ([Table 1](#T1){ref-type="table"}). The comparison of the modified Petroff \'s method and trisodium phosphate showed no discordance during the real-time PCR performance. The difference was not statistically significant using the chi-squared test (p \> 0.05). AFB Smear results showed an agreement of 32 positive samples with real-time PCR. Another 23 samples showed negative results by smear, but positive findings in real-time PCR. For 48 samples, culture on LJ media showed the same results as real-time PCR. Discrepancies were retained for 5 positive samples in culture that were negative on real-time PCR ([Figure 1](#F1){ref-type="fig"}).

###### 

percentage of positive results from conventional tests and PCR (%) according to the samples

  Expectoration   (n=95)    Bronchium Aspiration (n=25)   Tubing gastric (n=9)   BAL\* (n=4)   Pus (n=20)   Biologic liquids (n=15)   Biopsy (n=3)   Total (n=171)
  --------------- --------- ----------------------------- ---------------------- ------------- ------------ ------------------------- -------------- ---------------
  AFB             25(26%)   2(8%)                         1(11%)                 0(0)          2(10%)       1(6%)                     1(33%)         32(19%)
  Culture         32(33%)   7(28%)                        3(33%)                 1(25%)        5(25%)       4(26%)                    1(33%)         53(31%)
  Real-time PCR   34(35%)   8(32%)                        3(33%)                 0(0)          7(35%)       2(13%)                    1(33%)         55(32%)

Bronchoalveolar lavage

![comparison of culture days-to-positivity (A) and IS6110 CT values (B) pulmonary specimens versus extra-pulmonary specimens](PAMJ-36-134-g001){#F1}

Another discordance was detected for 7 positive samples in real-time PCR, which were negative in culture, 3 of these were positive on AFB smear. The remaining 4 were compared to clinical data to decide on their positivity ([Figure 2](#F2){ref-type="fig"}). The correlation between real-time PCR results and culture showed a high degree of agreement κ = 0.840. The sensitivity of comparing real-time PCR in pulmonary specimens to extra-pulmonary specimens was 95.2% (40/42) versus 72.7% (8/11); p \< 0.05, the specificity was 95.4% (83/87) versus 90.3% (28/31); p \< 0.05, positive predictive value (PPV) with 90.91% vs. 72.73% and negative predictive value ((NPV) with 97.65 % vs. 90.32); p \< 0.05. Also, the global sensitivity, specificity, PPV and NPV of our real-time PCR are 90.6%, 94.1%, 87.3%, and 95%. No difference was retained between means of days to positivity for solid culture in pulmonary and extra pulmonary samples \[39 (32-48) vs. 41 (35-53); p: 0.45\]. Ct values for real-time PCR were statistically significant between pulmonary and extra pulmonary specimens \[32 (31-35) vs. 35 (33-38); p: 0.0084)\] ([Figure 1](#F1){ref-type="fig"}).
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Discussion {#S4}
==========

TB is endemic and a major public health problem in Morocco. The global incidence of TB is very high, with nearly 30,000 new cases per year. TB affects young adults and, thus, has a high impact on the socioeconomic status of the country. In fact, 65.9% of total TB cases are between 15 and 45 years of age, with a significant male predilection (59.3%) \[[@ref15]\]. Casablanca, the largest Moroccan city, figures almost one-fifth of the total cases recorded in the country \[[@ref16]\]. The early and rapid diagnosis of MTB is very important to control and initiate drug treatment regimen. The laboratory diagnosis of TB is based mainly on the microscopic examination by the AFB Smear and MTB culture, which are widely used in of public health center laboratories for routine analyses \[[@ref17]\]. In recent years, bacteriological diagnosis of TB has indeed benefited from many technological advances. The development and standardization of molecular biology methods have led to faster detection and identification of a) Mycobacteria in clinical samples and b) resistance genes for early diagnosis of MDR-TB for a rapid treatment \[[@ref18]\].

An in-house real-time PCR was developed by Barletta F *et al*. \[[@ref14]\] showing good sensitivity and specificity to detecting TB complex. This technique was only been tested on pulmonary samples. Being so, our study aimed to test the same technique on pulmonary and extra-pulmonary samples in hospital settings. For this purpose, we chose to work on samples with the cited inclusion criteria to increase the number of positive cases. We also evaluated the performance of this technique through trisodium phosphate and the modified Petroff\'s method. The choice of IS6110 as a target of our real-time PCR is due to its presence in all MTBC members with multiple copies in the genome \[[@ref19]\], making it a good target for MTBC detection. The choice of trisodium phosphate as decontamination methods is related to its low contamination rates on LJ media, high recovery of MTB, and its intermediate cost compared to other decontamination techniques \[[@ref20]\]. The agreement between real-time PCR and culture was (k = 0.840), which seems to be a strong value. Five samples turned out false negative, which is similar to the results described by Barletta F *et al*. \[[@ref14]\]. This issue could be related to the unequal distribution of bacterial cells of sputum, pus samples and tissue biopsies \[[@ref21], [@ref22]\]. Some rare cases reported a lack of IS6110 sequence \[[@ref23]\], and the PCR of IS6110 from culture (data not showed) shows the presence of the fragment in the strains.

On the other side, for culture-negative and RT- PCR-positive samples, 2/7 specimens showed a positive AFB smear and 2/4 positive culture of the same patients in other samples. 2/7 were on treatment for TB, and the last one 1/7 was a BCGite case confirmed clinically ([Figure 1](#F1){ref-type="fig"}). Positive PCR responses can be explained by its high sensitivity detecting small amounts of DNA, unlike culture on LJ media which detects only 10-100 viable mycobacteria/ml \[[@ref14], [@ref24]\]. On the other hand, DNA can be detected from non-cultivable or dead MTC bacteria for the cases treated \[[@ref25]\]. Therefore, our study confirms that 1) the use of culture or the PCR alone cannot be a criterion to determine the negativity of the results and 2) a comparison with the clinical data is strongly necessary when making decisions during diagnosis \[[@ref26]\]. Real-time PCR showed a high sensitivity (95.2%) and a good specificity (95.4%) on pulmonary samples, notice that the same rates were reported by other authors \[[@ref14], [@ref27]\]. For extra-pulmonary samples, sensitivity was lower (72%), but it was close to those reported elsewhere \[[@ref28]\]. The literature has shown a sensitivity rate ranging from 37% to 96%, depending on the smear result and specimen type \[[@ref24]\]. This could be explained by the low bacillary load in extra-pulmonary samples, unequal distribution load, and the presence of PCR inhibitors \[[@ref29]\].

The limitation of this study is related to the sample number. The present work covers 11 non-respiratory positive specimens only, which is not very ideal to measure the performance of this technique and draw generalizable conclusions. For this reason, future projects could aim to develop this technique on exclusively extra-pulmonary samples. This technique is a promising auxiliary tool for diagnosing active pulmonary and extra-pulmonary TB when used in conjunction with other tests, seeking to increase the sensitivity and specificity of the diagnosis. Besides, this study demonstrates the first use of real-time PCR Taqman in Morocco for MTB detection. This technique showed it effectiveness compared to standard techniques on pulmonary and extra pulmonary samples. We suggest that multicentric studies be carried out in the future to assess whether this technique is affordable, achievable and reliable for routine diagnoses.

Conclusion {#S5}
==========

The implementation of molecular approaches for direct diagnosis of TB, as part of the routine analysis in laboratories of health care institutions, will be of great use when adapting treatment regimens and limiting the dissemination of TB strains. This is very likely to ensure better management of TB in Morocco.

What is known about this topic {#S5_1}
------------------------------

Extrapulmonary TB is relatively high (around 50% of cases) in Morocco;Conventional techniques have variable sensitivity and are time-consuming;Molecular techniques show a good sensitivity on pulmonary samples.

What this study adds {#S5_2}
--------------------

IS-6110 real-time PCR can work with different decontamination techniques (trisodium phosphate and modified Petroff methods);Real-time PCR showed good sensitivity and specificity for MTB detection on extra-pulmonary specimens;Solid culture is not sufficient to make a diagnosis of TB and should be associated with clinical data.
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